The primary objective of this study was to determine the association between the use of gastric acid suppressants (GAS) and the risk of developing spontaneous bacterial peritonitis (SBP) in patients with advanced liver cirrhosis (LC).
INTRODUCTION

C
irrhosis and chronic liver disease were the 12th leading cause of death in the United States, causing roughly 31,000 deaths in 2009. 1, 2 Patients with cirrhosis have a compromised immune system. The immunocompromised state predisposes cirrhotic patients to increased risk of bacterial infection, the most common infections include spontaneous bacterial peritonitis (SBP) and urinary tract infections. [3] [4] [5] Although the mechanism of developing SBP develop in cirrhotic patients is not elucidated, changes in liver such as increased intestinal permeability, altered intestinal motility, and bacterial overgrowth may play an important role to facilitate bacterial translocation. [4] [5] [6] [7] [8] [9] [10] Evidence has shown patients with SBP have higher prevalence of small intestinal bacterial overgrowth (SIBO) than patients who did not have SBP. 11 In addition to small intestinal dysmotility, several risk factors were found to induce SIBO. Gastric acid suppression (GAS) with proton pump inhibitors (PPIs) or histamine 2 receptor antagonists (H2RAs) was recently identified as an important risk factor for SIBO. [11] [12] [13] There has been a growing safety concern regarding, the long-term use of PPIs since the introduction of PPIs. GAS with both PPIs and H2RAs raises the gastric pH and may lead to bacterial overgrowth in the alimentary tract. Recent studies found an association between GAS and increased risks of Clostridium difficile infection, community-acquired pneumonia, and nosocomial pneumonia in the susceptible individuals. [14] [15] [16] [17] Several studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] investigated the association between PPI use and risk of SBP in cirrhotic inpatients, but conflicting results were found. Campbell et al showed that the use of PPI was not significant associated with SBP, 20 in contrast, Goel et al 24 and Bajaj et al 18 discovered that the association was statistically significant. Heterogeneity in patient population and exposure definition and random variation due to small sample size may be responsible for the conflicting results. Therefore, there is an urgent need for a large population-based study with various exposure definitions to determine the association. The incidence of SBP in cirrhotic patients is high, an estimated 1.5% to 3.5% of outpatients, and 10% of hospitalized cirrhotic patients may develop SBP. 7 Identifying controllable risk factor of SBP along with appropriate prevention methods is therefore crucial in improving patients overall treatment outcome. In this study, we aimed to determine the potential association between the use of gastric acid suppressants, PPIs or H2RAs, and risk of SBP in cirrhotic patients by conducting a nested case-control study in a population-based health insurance claims database.
METHODS
Setting
We performed a cohort study with a nested case-control analysis using the Taiwan National Health Insurance Database (NHIRD). NHIRD is a database where randomized samples of patient information are captured longitudinally for more than 10 years for research purpose. The population covered by this database is demographically representative of the Taiwanese population. Data include anonymous eligibility and patient demographic characteristics (including age, sex, patient identification, and hospital and physician information), dates, hospitalizations, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, and pharmacy records (including product name, prescribed quantity, dose regimen, and route of administration) for each inpatient and outpatient visit. Since this is an electronic database study using anonymous subjects, patient consent is not required. The institutional review board at National Taiwan University has approved this study.
Study Cohort
In this study, we used a 4,800,000 representative sample that was longitudinally followed from 1999 to 2007. All patients who were 15 years or older and had an outpatient or inpatient diagnosis of liver cirrhosis in 1999 were eligible for inclusion. We adopted a new-user design by excluding any prevalent users of PPIs or H2RAs in 1999. 30 We aimed to study the new cases; therefore, all patients receiving a diagnosis of SBP (ICD-9 code: 567.23) in 1999 were excluded for analysis. We followed cohort members since January 1, 2001 until the earliest occurrence of SBP, death, termination of health insurance coverage, or end of the study period (December 31, 2007).
Case Definition and Control Selection
The first episode of SBP within the follow-up period is identified by the following criteria at least 1 outpatient visit or 1 hospital admission with ICD-9-CM codes of SBP (ICD-9 code: 567.23), in addition to the procedure code for paracentasis and the prescription of compatible antibiotics. Compatible antibiotics for the treatment of SBP in this study are categorized into combination or single agent therapy based on the local treatment guideline. Combination therapy includes a cephalosporin (cefazolin, cefuroxime, ceftriaxone, cefotaxime, or cefepime) or a fluoroquinolone (ciprofloxacin or levofloxacin) in combination with an antianaerobic agent such as metronidazole. Single agent therapy includes ampicillin-sulbactam, amoxicillin-clauvanate, piperacillin-tazobactam, ticarcillin-clavulanate, flomoxef, ertapenem, meropenem, moxifloxacin, tigecycline, or a second generation of cephalosporin with coverage of anaerobes such as cefoxitin or cefmetazole. The definition of SBP was validated by a hospital record review, which showed a positive predictive value of 92%. The index date was defined as the first date of SBP diagnosis. The risk set sampling method was used to select patients for the control group; they must have comparable index dates as the patients in the experimental group. In addition, a subgroup analysis with comparable 5-year age group and sex between cases and controls was conducted.
Medication Exposure
A period of 1 year proceeding to the index date was used to determine drug exposure status. Exposure of an acid-suppressive medication is defined as any order for a prescription of PPI or H2RA. PPIs were defined as pure or compound medication containing omeprazole, esomeprazole, lansoprazole, pantoprazole, or rabeprazole. H2RAs are defined as drugs that contain cimetidine, ranitidine, or famotidine. A cumulative treatment period for !7 days was required for inclusion. Drug exposure periods were classified into 4 time intervals. Current use referred to a prescription of PPIs or H2RAs that covers the index date of SBP diagnosis or ends within 30 days of the index date. Recent use referred to 31 and 90 days prior to the index date. Past use indicated the use of GASs between 91 days and 1 year prior to the index date. Chronic users were patients taking PPIs or H2RAs for more than 90 days in the past year. Unexposed status was defined as no prescription or a cumulative treatment period 7 days in the 1 year period before the index date.
Covariates
For each individual, we collected the covariate information from cohort entry to 1 year before the year containing the index date (see appendix 1, http://links.lww.com/MD/A291). The following information was determined as potential confounders age, sex, calendar year (matching variables), indication for GAS therapy, risk factor for SBP disease, burden of comorbid conditions, indicator for frailty, and use of specific medications. The indication for PPIs or H2RAs included gastric cancer, gastrointestinal hemorrhage, gastroesophageal reflux disease or reflux esophagitis, gastrojejunal or esophageal ulcers, esophageal stricture, and esophageal varices, and functional gastrointestinal disorders. Risk factors for SBP included diabetes mellitus, chronic renal failure or hemodialysis, solid organ transplantation, presence of cancer, and malnutrition-related disorders such as cachexia, anorexia, abnormal loss of weight and alcoholism-related disease, and postgastric surgery. Liver disease related comorbidities included ascites, jaundice, portal hypertension, hepatic encephalopathy, hepatocellular carcinoma, acute and subacute necrosis of liver, and hepatorenal syndrome. The use of specific medications included NSAIDs, aspirin, systemic immunosuppressive agents and biologics, and systemic corticosteroid use. We used a combined weighted comorbidity index to quantify each individual's burden of comorbidity. This score combines the Charlson Index with Elixhauser system to offer improvements in comorbidity summarization over Charlson index alone.
Data Analysis
Characteristics of patients were presented as numbers with percentages for categorical variables and as median with interquartile range for continuous variables. We estimated the risk of SBP associated with the use of PPIs or H2RAs by constructing conditional logistic regression model for 4 types of users (current, recent, past) as compared with nonusers. Two analyses were performed. The first analysis was the crude effect estimate stratified on the 3 matching factors, age, sex, and index date. The second analysis was a regression model adjusted for the individual covariates mentioned in the previous section. A duration response analyses and subgroup analyses in high-risk patients were also carried out to further assess the robustness of our results. All statistical calculations were carried out with SAS version 9.2.
RESULTS
Study Population and Use of Medication
After exclusion of prevalent users of PPIs or H2RAs, prevalent cases of SBP, and children aged less than 15 year, the study cohort included 86,418 patients with LC, of which a total of 947 cases of SBP were identified. The mean age of cohort members at baseline was 43.4 AE 15.8 years. The mean length of follow-up for the cohort was 8.8 years. Overall the crude incidence of SBP among this cohort of cirrhotic patients is 124.8/100,000 person-years. The characteristics among PPI users, H2RA users, and nonusers are shown in Table 1 . Compared with nonusers, users of GAS are associated with higher burden of gastrointestinal diseases, diabetes mellitus, chronic renal disease, chronic pulmonary disease, immunocompromised disease, and chronic liver disease related complications. Patients who were prescribed with nonsteroidal antiinflammatory agents or steroid were also more likely to be prescribed with GAS. Combined comorbidity score (median, IQR)
Multivariate Analysis 
Sensitivity Analysis
To verify the robustness of our findings, we conducted a sensitivity analysis by using a more strictly defined outcome, hospitalized SBP. Hospitalized SBP referred to hospitalized patients with a primary or secondary diagnosis of SBP. The results were in line with our primary analysis. The use of PPIs or H2RAs in previous 1 year was associated with increased risk of SBP. Results of sensitivity analysis by different drug exposure periods were summarized in Table 3 .
Duration-Response Analysis
Multivariate analysis showed the risk of SBP increased from light (<7 cumulative days) to moderate (7-30 cumulative days) to heavy-use (> 30 cumulative days) categories for both PPI (trend P ¼ 0.001) and H2RA (trend P < 0.0010). The incremental risk of SBP was 1.005 (1.000-1.009) for each day use of PPI and 1.002 (1.001-1.004) for each day use of H2RAs (Table 4) .
Subgroup Analyses
To investigate whether there is a differential risk of SBP among different populations of GAS users (>7 cumulative days), we performed predefined subgroup analyses (Table 5) . We found that the risk of SBP varies among different subgroups, and the interaction term reached statistical significance (P-value < 0.05) for only the diabetes mellitus (DM) subgroup that was using PPIs. The risk increase of SBP in PPI users (compared with nonusers) was more substantial in subjects without DM than in subjects with DM (1.52 vs 1.25). In addition, we found that female users of PPIs or H2RAs tend to have a higher risk increase of SBP, but the interaction term was not significant. 
DISCUSSION
The current study involving 86,418 cirrhotic patients found a significant association between SBP and use of GAS. Cirrhotic patients receiving a PPI have an overall 2.8 times greater risk of developing SBP within 30 days compared with those not receiving this medication. Cirrhotic patients taking H2RA demonstrated an attenuated but significant risk of developing SBP compared with nonusers. The current use of GASs was associated with highest risk, while recent and past use was also associated with a nonnegligible risk. In addition, the associations between the use of GAS and SBP in cirrhotic patients remain statistical significant across subgroups regardless of differences in age and sex. Our findings are consistent with 2 recent meta-analyses evaluating GAS and the risk of SBP. A meta-analysis consists of 4 observational studies with 772 patients were conducted by Trikudanathan et al. 19 An increased risk of SBP among PPI users (OR 2.77, 95% CI: 1.82-4.23) was found. Another meta-analysis, which includes 8 observational studies and 3815 cirrhotic patients, was conducted by Deshpande et al. The results indicated that both PPI and H2RA therapies are associated with increased risk of SBP, with a summary OR of 3.15 (95% CI: 2.09-4.74) for PPI and 1.71 (95% CI: 2.09-4.74) for H2RA. 23 Moreover, 1 observational study using a propensity score matched cohort of 402 paired cirrhotic patients with ascites noted that PPI use was the independent risk factor for SBP (hazard ratio, 1.396, 95% CI: 1.057-1.843). 26 Combing our findings and previous studies, 19, 23, 26 we tend to conclude GAS therapy, especially PPI are associated with increased risk of SBP in cirrhotic patients.
Potential mechanisms for gastric acid suppression to increase the risk of SBP were proposed in several studies. In vitro studies showed PPIs or H2RAs have direct cytotoxicity to inflammatory cells such as lymphocytes, neutrophils, or natural killer cells. In vivo study indicated that use of PPIs may lead to compromise upper gastrointestinal tract barrier function, and was able to induce a significant transmucosal leak in the upper GI tract. 31 Based on the analysis of blood samples before and after PPI treatment in 10 healthy subjects, Zedtwitz-Liebenstein et al 32 found that PPI can impair production of reactive oxygen intermediates by neutrophils, and cause an increase of intracellular Ca 2þ concentrations in resting neutrophils that was associated with reduced bactericidal activity. All of these effects may cause the change of the natural gut microbial ecology, 33 and subsequently lead to increased bacterial colonization in the gastrointestinal tract. Overall, acidsuppressive therapy may predispose to bacterial overgrowth within gastrointestinal tract and translocation across the impaired epithelial barrier. 11 Therefore, it may contribute to the development of SBP.
Our study has several major strengths. First, this study is based on a true population-based database with full coverage of hospital admissions and prescriptions for PPI or H2RA. It represents the real world situation, and makes our results more generalizable to other settings. Second, the incidence of SBP in North America and most European countries is less than 5/100,000 person-years; therefore, a larger sample size of more than 10 million may be required to reach adequate statistical power. In contrast, the incidence of SBP is around 122/100,000 person-years in this sample, so larger number of case patients and controls can be identified using this database. The large sample size allowed adjustments for all the possible risk factors, and different subgroup analyses. Third, by using the longitudinal database of NHIRD, we can define the interval between the receipt of PPI or H2RA therapy and occurrence of SBP. Thus, allowing duration response analysis. However, this study has several limitations. First, our claim database lacked the microbiological data to confirm SBP cases, and outcome misclassification is possible. However, we felt that our definition of SBP is rather stringent. SBP cases need to have ICD-9-CM codes of SBP plus both the procedure code for paracentasis and the ICD-9-CM codes for prescription of compatible antibiotics. Furthermore, our case definition was validated by a hospital record review, which showed a positive predictive value of 92%. Second, as our study is an observational study, the possibility of residual confounding due to uncontrolled significant cofounders cannot be totally excluded. Third, protopathic bias may play a role in the observed higher risk of SBP in patients taking GASs. Protopathic bias arises when early gastrointestinal symptoms of SBP are the cause of GAS prescription. However, protopathic bias cannot totally explain the observed strong association that persisted for more than 30 days before the SBP diagnosis. A sensitivity analysis that excluded the most recent users (ie, within 7 days of index date) also did not change the effect estimate significantly. Finally, variations in physicians' practice may also play a role in the observed results.
In conclusion, our study suggests that the use of PPIs or H2RAs is associated with increased risk for SBP, especially in new initiators within 30 days. As a substantial body of literature supports that gastric acid environment is important for human host defense to SBP infection, further validation of this association in multiple populations is warranted. Before such studies are available, gastric acid suppressants should be prescribed cautiously to patients with risk of developing SBP.
